Three Gram-stain-negative, rod-shaped bacteria, designated strains NH153
The genus Pseudoalteromonas, belonging to the class Gammaproteobacteria, order Alteromonadales, is the type genus of the family Pseudoalteromonadaceae (Ivanova, 2004) . Initially, the genus Pseudoalteromonas was divided from the genus Alteromonas based on phylogenetic analysis of 16S rRNA gene sequences (Gauthier et al., 1995) . Many members of the genus Pseudoalteromonas produce various kinds of metabolites, such as pigments (Gauthier et al., 1995; Park et al., 2005) , hydrolytic enzymes (Matsuyama et al., 2014; Xu et al., 2010) , exopolymers (Matsuyama et al., 2013 (Matsuyama et al., , 2014 and antibiotics (Gauthier et al., 1995) . Species of the genus Pseudoalteromonas are able to adapt to dissimilar ecological habitats and are widespread in the marine environment, such as sediments (Matsuyama et al., 2013 (Matsuyama et al., , 2014 , coastal and estuarine seawaters (Oh et al., 2011; Zhao et al., 2014) and seawater from polar regions (Al Khudary et al., 2008) . Currently, the genus Pseudoalteromonas comprises 41 species with validly published names (http://www.bacterio.net/p/pseudoalteromonas.html). Here, we present a polyphasic study describing three novel non-pigmented strains isolated from surface water of the South China Sea as well as the East China Sea.
During research on bacterial diversity of surface seawater of China, three closely related strains were isolated from the South China Sea and the East China Sea. Strains NH153 T , F-2-11 and M-1-78 were isolated from surface seawater of the South China Sea (119 E 19 N) , the East China Sea (site A, 122 34.801¢ E 29 22.879¢ N) and the East China Sea (site B, 122 16.033¢ E 29 22.716¢ N), respectively. Seawater samples of approximately 100 µl were spread on modified marine agar (natural seawater with 0.5 g peptone and 0.1 g yeast extract, final pH 7.2) by using the standard tenfold dilution plating technique and incubated aerobically at 28 C for several days. The colonies, designated NH153 T , F-2-11 and M-1-78, were picked and were purified by repeated restreaking. Purity was confirmed by the uniformity of cell morphology. The reference strains Pseudoalteromonas shioyasakiensis JCM 18891 T and Pseudoalteromonas arabiensis JCM 17292 T were obtained from the JCM (Japan Collection of Microorganisms). Unless otherwise stated, all strains were routinely cultured in marine broth 2216 (MB; BD Difco) at 30 C and preserved as a glycerol suspension (30 %, v/v) at À80 C.
All phenotypic tests in this study were carried out in MB or on marine agar (MA; BD Difco) at 30 C. The temperature range for growth was determined by incubating at 4, 15, 20, 25, 28, 30, 37, 40, 45, 50 and 55 C. The pH range for growth was determined in MB that was adjusted to pH 5.0-10.5 (in 0.5 pH unit intervals) using appropriate buffers (MES for pH 5.0-6.0, PIPES for pH 6.5-7.0, Tricine for pH 7.5-8.5 and CAPSO for pH 9.0-10.5) at a concentration of 50 mM. Evaluation of the pH values after autoclaving revealed only minor changes. NaCl tolerance for growth was determined by incubating in NaCl-free MB with various NaCl concentrations (0, 0.5, 1.0, 3.0, 5.0, 7.5, 10.0, 12.0, 15.0 and 20 .0 % as final concentration, w/v). The requirement for sea salts for growth was determined by incubating in the following medium (per litre distilled water): 5.0 g peptone, 1.0 g yeast extract, pH 7.6, supplemented with various sea salt (Sigma) concentrations (0, 0.5, 1.0, 2.0, 3.0, 4.0, 4.5 and 5.0 % as final concentration, w/v). Cell morphology was examined using transmission electron microscopy (JEM-1230; JEOL) with cells grown for 1 day at 30 C on MA.
Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 solution. Oxidase activity was determined by oxidation of 1 % (w/v) p-aminodimethylaniline oxalate. Anaerobic growth was tested with an AnaeroPack (Mitsubishi) using sodium nitrate (20 mM) and sodium nitrite (10 mM) as potential electron acceptors. Hydrolysis of DNA, gelatin, starch and Tweens 40, 60 and 80 was examined according to Dong & Cai (2001) . Sensitivity to antimicrobial agents was determined according to Wu et al. (2015) . Acid production was tested in marine oxidationfermentation (MOF) medium supplemented with 1 % sugars (Leifson, 1963) . The utilization of carbohydrates as sole carbon and energy sources was tested in BM medium as described by Farmer (2005) . The corresponding filter-sterilized sugars (0.2 %, w/v), alcohols (0.2 %, w/v) or organic acids (0.1 %, w/v) were added to the medium. Additional enzyme activities and biochemical characteristics were determined using API 20 NE and API 20E kits (bioM erieux) at 30 C according to the manufacturer's instructions. Strips were inoculated with a heavy bacterial suspension (MacFarland 5 standard) in AUX medium supplemented with 2 % (w/v) sea salts (Sigma) according to Park et al. (2005) . P. shioyasakiensis JCM 18891 T and P. arabiensis JCM 17292
T were used as controls in the above tests.
The quadrant streak method was used to dilute the inoculum so that quadrant 3 exhibited confluent growth (at the late log phase) along the streaking axis. Cellular fatty acid methyl esters of the three isolates and reference strains were obtained from cells grown on MA at 30 C for 24 h from quadrant 3 and analysed according to the instructions of the Microbial Identification System (MIDI). For analyses of polar lipids and isoprenoid quinones, the three isolates and reference strains were grown in MB at 30 C for 24 h. Isoprenoid quinones were extracted from freeze-dried cells (200 mg) with chloroform/methanol (2 : 1) and analysed by HPLC-MS (Komagata & Suzuki, 1987) . Polar lipids were extracted and identified by two-dimensional TLC according to the method of Tindall et al. (2007) . Molybdophosphoric acid was used for the detection of total lipids, ninhydrin reagent for lipids containing free amino lipids, molybdenum blue reagent for phosphorus-containing lipids and a-naphthol reagent for glycolipids. Genomic DNA was obtained using the method described by Marmur (1961) . PCR amplification was performed with extracted DNA as a template, adding Taq DNA polymerase and universal primers 27F and 1492R. PCR products were cloned into vector pMD 19-T (TaKaRa) and then sequenced to determine the almost-complete sequence of the 16S rRNA gene. The sequences were compared with closely related sequences of reference organisms from the EzTaxon-e service (Kim et al., 2012) . Based on EzTaxon-e results, phylogenetic trees were reconstructed including 21 species using the MEGA 6 program package. Sequence data were aligned with CLUSTAL w (Thompson et al., 1994) . Phylogenetic trees were reconstructed by the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood methods (Felsenstein, 1981) with the MEGA 6 program package (Tamura et al., 2013) . Evolutionary distances were calculated according to the algorithm of the Kimura twoparameter model (Kimura, 1980) for the neighbour-joining method. To evaluate robustness, bootstrap analyses with 1000 resamplings were used for the three topologies.
DNA-DNA hybridization between strains NH153 T , F-2-11 and M-1-78 was performed by the renaturation rate method of De Ley et al. (1970) and Huss et al., (1983) using a Beckman DU 800 spectrophotometer. The genomes of strains NH153
T , P. shioyasakiensis JCM 18891 T and P. arabiensis JCM 17292
T were sequenced via an Illumina HiSeq 2500 platform (Anoroad Gene Technology). The average nucleotide identity (ANI) between two genomes was calculated using the algorithm of the EZGenome web service (Goris et al., 2007) and Orthologous Average Nucleotide Identity Tool (OAT software) (Lee et al., 2015) . The genome-to-genome distance was calculated via the GGDC calculator (Meier-Kolthoff et al., 2013).
The three new isolates were essentially identical to each other phenotypically, being Gram-stain-negative, aerobic, rod-shaped (Fig. 1) , non-pigmented, catalase-positive and able to hydrolyse gelatin and Tween 80, but not DNA or starch. All required sea salts for growth. They were able to grow in media at 15-45 C (optimum 28-37 C) and with 0-10 % (w/v) NaCl (optimum 3-5 %); no growth occurred at 4, 50 or 55 C, and no growth occurred with 12.0, 15.0 or 20.0 % (w/v) NaCl. The pH range for growth was 5.5-9.5 (optimum 7.5-8.5). Strains NH153 T , F-2-11 and M-1-78 could be differentiated from P. shioyasakiensis JCM 18891 T and P. arabiensis JCM 17292
T on the basis of nitrate reduction, glucose fermentation, arginine dihydrolase, hydrolysis of oxidase, Tween 40 and Tween 60, utilization of D-fructose, trehalose, raffinose, cellobiose, sucrose, ethanol, sodium citrate and sodium acetate as sole carbon source, acid production from cellobiose, ethanol, glucose, D-fructose, mannitol, melezitose, L-rhamnose, D-ribose, sucrose, trehalose and xylose, and susceptibility to gentamicin, novobiocin, streptomycin, tetracycline and tobramycin (Table 1 ). Other phenotypic characteristics and comparisons between the three new isolates and reference strains are given in Table 1 .
The complete 16S rRNA gene sequences (1539 nt) of strain NH153
T and almost-complete 16S rRNA gene sequences (1474 nt) of strains M-1-78 and F-2-11 were obtained. On the basis of 16S rRNA gene sequence analysis, the novel strains were closely related to the type strains of P. shioyasakiensis (with sequence similarity of 98.0-98.6 %), P. arabiensis (97.2-97.8 %), Pseudoalteromonas lipolytica (97.5-97.8 %), Pseudoalteromonas mariniglutinosa (96.4-97.3 %) and Pseudoalteromonas donghaensis (96.8-97.1 %). 16S rRNA gene sequence similarities between strains NH153
T , M-1-78 and F-2-11 were 98.8-99.7 %. The neighbour-joining, maximum-likelihood and maximum-parsimony phylogenetic tree topologies revealed that strains NH153
T , M-1-78 and F-2-11 formed a distinct lineage with high bootstrap support and clustered with P. shioyasakiensis JCM 18891 T and P. arabiensis JCM 17292 T within the genus Pseudoalteromonas (Fig. 2) . (Romanenko et al., 2003) . All data were obtained from this study and under identical conditions unless indicated. All strains are positive for catalase and hydrolysis of gelatin and Tween 80, and negative for lysine decarboxylase, ornithine decarboxylase and tryptophan deaminase and hydrolysis of DNA and starch. None of the strains produces H 2 S or indole. The following compounds are utilized as sole carbon and energy sources: N-acetyl-glucosamine, L-arabinose, maltose and mannose. The following compounds are not utilized as sole carbon and energy sources: galactose, glycerol, a-D-lactose, L-rhamnose, D-ribose, sodium malonate and sorbose. Acid is produced from maltose and mannose, but not from D-galactose, D-myo-inositol, raffinose, ribitol, a-D-lactose, sorbitol or sorbose. All strains are susceptible to (µg per disc unless otherwise stated) amoxicillin (20), ampicillin (10), chloramphenicol (30), erythromycin (10), gentamicin (10), kanamycin (30), nalidixic acid (30), neomycin (30), penicillin (10 IU), polymyxin B (300 IU), rifampicin (5) and vancomycin (30), but resistant to bacitracin (0.04 U), clindamycin (2), nitrofurantoin (300) and nystatin (100). +, Positive; À, negative; W, weakly positive; ND, no data available. Acid production from:
Gentamicin (10 µg)
The DNA G+C content of strain NH153 T was 41.4 mol% (by genome), a value in the range reported for members of the genus Pseudoalteromonas, i.e. 38-48 mol% (Bowman & Mcmeekin, 2005) . The level of DNA-DNA hybridization between the isolates was 78.0-85.5 %, which revealed that the three isolates (strains NH153 . These values were below the 70 % cut-off point recommended for the assignment of strains to the same genospecies (Wayne et al., 1987) .
The sole respiratory quinone of all the isolates was Q-8, in keeping with data for the genus Pseudoalteromonas (Gauthier et al., 1995) . The major cellular fatty acids (>10 % of the total) were C 16 : 0 , C 18 : 1 !7c and summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH) (Table 2) , which were similar to those of the reference strains, P. shioyasakiensis JCM 18891 T and P. arabiensis JCM 17292 T , and were Matsuyama et al. (2013) . †Data were taken from Matsuyama et al. (2014) . ‡Different result reported by Matsuyama et al. (2013 Matsuyama et al. ( , 2014 . §Results were 43 and 46.9 mol% by HPLC method from Matsuyama et al. (2013 Matsuyama et al. ( , 2014 Algicola sagamiensis B-10-31 T (AB063324) Fig. 2 . Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences showing the relationship of the novel isolates and related taxa. Bootstrap values (>70 %) based on 1000 replicates are shown at branch nodes. Filled circles indicate that the corresponding nodes were also recovered in the trees generated with the maximum-likelihood and maximumparsimony algorithms. Algicola sagamiensis B-10-31 T (GenBank accession number AB063324) was used as an outgroup. Bar, 0.01 substitutions per nucleotide position.
also consistent with those in the genus Pseudoalteromonas as described by Gauthier et al. (1995) . However, minor differences in the proportion of some fatty acids were detected. For example, the contents of branched fatty acids (1.2-1.3 %) of the three new isolates were higher than those of the reference strains (0.7-1.1 %) and the contents of C 12 : 0 (1.9-2.1 %) were lower than those of the reference strains (2.4-3.5 %). The major polar lipid components were phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, one unidentified glycolipid (GL1), one unidentified phospholipid and one unidentified lipid (L1). Strains NH153 T , F-2-11, M-1-78 and the reference strains possessed phosphatidylethanolamine, phosphatidylglycerol, L1 and GL1 as major polar lipids. The differences in the polar lipid profiles of strains NH153
T , F-2-11, M-1-78 and the reference strains are shown in Fig. S1 (available in the online Supplementary Material). Three minor aminolipids (AL2-AL4) were present in P. shioyasakiensis JCM 18891 T and P. arabiensis JCM 17292 T , but were not detected in strains NH153
T , F-2-11 or M-1-78.
In conclusion, analyses of the 16S rRNA gene sequences and chemotaxonomic characterizations supported the placement of the new isolates in the genus Pseudoalteromonas. However, clear differences between the isolates and reference strains were also found, including glucose fermentation, arginine dihydrolase, ability to utilize a number of substrates (e.g. raffinose, trehalose, cellobiose), ability to produce acid from carbohydrates (e.g. glucose, mannitol, xylose), susceptibility to some antibiotics and genomic DNA G+C content (Table 1 ). In addition, genome-to- Cells are Gram-stain-negative, non-pigmented, aerobic and rod-shaped (1.5-2.2 µmÂ0.4-0.5 µm). Colonies are circular, smooth, opaque and convex with regular margins. Able to grow at 15-45 C (optimum 28-37 C); no growth occurs at 4 C or above 45 C. The pH range for growth is pH 5.5-9.5 (optimum pH 7.5-8.5). Requires sea salts for growth and growth occurs in the presence of 0-10 % (w/v) NaCl (optimum 3-5 %); no growth occurs in the presence of 12.0, 15.0 or 20.0 % (w/v) NaCl. Anaerobic growth occurs on MA when supplemented with sodium nitrate but does not occur when supplemented with sodium nitrite. Positive for catalase, and negative for lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase, and production of H 2 S and indole. Gelatin and Tween 80 are hydrolysed but DNA and starch are not. The following compounds are utilized as sole carbon and energy sources: N-acetyl-glucosamine, L-arabinose, maltose and mannose. The following compounds are not utilized as sole carbon and energy sources: galactose, glycerol, a-D-lactose, L-rhamnose, D-ribose, sodium malonate and sorbose. Acid is produced from maltose and mannose, but not from D-galactose, D-myo-inositol, raffinose, ribitol, a-D-lactose, sorbitol or sorbose. The sole respiratory quinone is ubiquinone-8 (Q-8). The major cellular fatty acids (>10 %) are C 16 : 0 , C 18 : 1 !7c and summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH). The major polar lipid components are phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, one unidentified glycolipid, one unidentified phospholipid and one unidentified lipid. In addition, moderate to minor amounts of one aminophospholipid, three glycolipids, two unidentified phospholipids and one lipid are also present.
The type strain, NH153
T (=CGMCC 1.15370 T =DSM 100951 T ), was isolated from seawater of the South China Sea. The G+C content of the DNA of the type strain is 41.4 mol% (by genome). F-2-11 (=CGMCC 1.15364=DSM 100953) and M-1-78 (=CGMCC 1.15365=DSM 100952), isolated from seawater of the East China Sea, are additional strains of the species.
